We determine the extinction law through Cep OB3b, a young cluster of 3000 stars undergoing gas dispersal. The extinction is measured toward 76 background K giants identified with MMT/Hectospec spectra. Color excess ratios were determined toward each of the giants using V and R photometry from the literature, g, r, i, and z photometry from the Sloan Digital Sky Survey and J, H, and K s photometry from the Two Micron All Sky Survey. These color excess ratios were then used to construct the extinction law through the dusty material associated with Cep OB3b. The extinction law through Cep OB3b is intermediate between the R V = 3.1 and R V = 5 laws commonly used for the diffuse atomic interstellar medium and dense molecular clouds, respectively. The dependence of the extinction law on line-of-sight A V is investigated and we find the extinction law becomes shallower for regions with A V > 2.5 mag. We speculate that the intermediate dust law results from dust processing during the dispersal of the molecular cloud by the cluster
INTRODUCTION
Young star clusters, with ages less than 10 Myr, are associated with dusty molecular clouds that are denser and colder than the diffuse interstellar medium (ISM). The high density and cold temperatures of a molecular cloud allow dust grains to grow through mantle growth and agglomeration (Ossenkopf 1993; Weidenschilling & Ruzmaikina 1994; Ormel et al. 2009 ). These processes change the size distribution of the dust grains and thus the amount of attenuation of stellar light along a line-of-sight through the dust.
The extinction law for a line-of-sight measures this attenuation as a function of wavelength and is found to vary among lines of sight throughout the galaxy (Cardelli et al. 1989; Rieke & Lebofsky 1985) . The extinction law can be parameterized by the ratio of total to selective extinction, given as
Where A V is the total V-band extinction and
is the B − V color excess. For large dust grains, the extinction becomes increasingly gray, that is, there is reduced wavelength dependence. Thus, the selective extinction is reduced and R V is increased. The diffuse ISM typically has R V = 3.1 (Rieke & Lebofsky 1985) , whereas, in dense molecular clouds R V ∼ 5.6 is typical (Cardelli et al. 1989) . Understanding the extinction law in molecular clouds is essential for studies of star formation for several reasons. First, the slope of the extinction law can shed light on the properties of the dust and dust agglomeration in molecular clouds. Furthermore, by changing the opacity, dust grains can affect important feedback processes such as the ionization of the cloud (Weidenschilling & Ruzmaikina 1994) . Finally, properly measuring the extinction toward young stars is critical for measuring the luminosity of the young stars in order to construct an HR diagram.
Located at a distance of 700 pc, as given by Very Long Baseline Array parallaxes to the neighboring Cep A region (Moscadelli et al. 2009; Dzib et al. 2011) , Cep OB3b is a young OB association on the northwest edge of the Cepheus molecular cloud. Figure 1 shows the Cep OB3b region of the Cepheus molecular cloud. Associated with the O and B stars is one of the largest young clusters within 1 kpc of the Sun. Spitzer has revealed roughly 1000 young stars with infrared excesses indicative of young protoplanetary disks. Chandra X-ray observations reveal that two-thirds of the young stars have already dispersed their protoplanetary disks. Based on these observations, Allen et al. (2012) estimate there are 3000 members in this young cluster. Age estimates in the literature for this young cluster are on the order of 3-6 Myr (Mayne et al. 2007; Littlefair et al. 2010; Bell et al. 2013) . The Cep OB3b young cluster is composed of two main sub-clusters, the eastern of which has a lower peak stellar density and a lower disk fraction than the western, consistent with an older average age for the eastern sub-cluster. Situated on the edge of the Cepheus Molecular cloud, Cep OB3b straddles the interface between the diffuse atomic material of the ISM and the dense molecular material of the cloud. Although associated with the dense molecular clumps Cep B and Cep F (Sargent 1977) , most of the young stars with protoplanetary disks are located in a cavity with an internal extinction A V < 5 mag (Allen et al. 2012) . This is consistent with a young cluster that has recently dispersed much of its natal molecular material. Further, unlike the closer Orion Nebula Cluster, which is located in front of ionized nebular material, Cep OB3b is primarily located adjacent to ionized nebular material. This configuration is advantageous because it allows measurements of background stars through the recently evacuated cavity as well as through the denser material closer to the molecular cloud.
We determine the extinction law through Cep OB3b by measuring the color excesses of background K giants in the optical through near-infrared regimes. We find that the slope of the extinction law becomes shallower in regions of high extinction, indicative of dust grain growth. In Section 2 we describe the optical and infrared data used in this study. In Section 3 we describe the identification of the background giant stars with MMT/Hectospec spectroscopy. In Section 4 we derive the extinction law through Cep OB3b. Finally, in Section 5 we examine how the extinction law varies with line-of-sight extinction and suggest that the extinction law in the cavity is intermediate between ISM and giant molecular cloud (GMC) extinction laws.
DATA
To measure the extinction law through the Cep OB3b molecular cloud we need photometry that spans the visible and near infrared wavelength regimes to construct color-color diagrams and calculate color excesses. Further, we need spectroscopy to properly determine the spectral type and luminosity class of the stars used to construct the color-color diagrams in order to minimize spread in the intrinsic stellar colors.
Photometry
We use Johnson V and Cousins R c (hereafter called V R) band photometry from the Isaac Newton Telescope (INT), compiled in the catalog of Littlefair et al. (2010) . The R-band photometry was obtained using the Sloan r filter. It was calibrated against photometric standard stars measured in the Cousins R c filter with an arbitrary zero point. See Littlefair et al. (2010) for a description of the photometric calibration. We adopt the standard central wavelength of the Cousins filter in all analysis of the extinction law below. Sources with photometric uncertainties of less than 0.1 mag are considered in this work.
We also use optical and near infrared photometry from the Sloan Digital Sky Survey (SDSS) data release 9 (Ahn et al. 2012) . The g, r, i, and z photometric bands are used. We do not use the u-band photometry in this work because the u-band filter has a red leak around 7100 Å. The red leak has a greater effect on very red sources such as those considered in this work. SDSS sources with photometric uncertainties of less than 0.25 mag are considered in this work.
Two Micron All Sky Survey (2MASS; Skrutskie et al. 2006 ) J, H, and K s near-infrared photometry is used in this study. For sources brighter than 13 mag, 2MASS has a typical photometric precision of <0.03 mag. For this work, we consider sources with NIR photometric errors of less than 0.15 mag.
Spectroscopy
Moderate resolution ((λ/Δλ) ∼ 1000-2000, FWHM resolution of about 6 Å) optical spectra (covering 4000-9000 Å) were obtained for ∼1700 sources toward Cep OB3b using the multifiber spectrograph Hectospec on the MMT telescope. About 600 sources were selected for observation because they were determined to be possible cluster members (Allen et al. 2012) , based on indicators of youth, such as IR emission due to circumstellar dusty material and heightened X-ray activity. The remaining fibers were placed on sources within the instrument field of view. A small number of these remaining sources turned out to be late type stars with Li (6707 Å) absorption lines, another indicator of youth. These sources are also considered to be possible members. Discussion of the spectroscopic properties, including spectral types, of the member stars will be discussed in a forthcoming paper. Among the sources serendipitously observed to fill unused fibers are giant stars background to the Cep OB3b young cluster. These background giant stars will be used to measure the extinction law through the Cep OB3b young cluster. The automated spectral typing software SPTclass (Hernández et al. 2004 ) was used to initially determine spectral types. See Hernández et al. (2004) for a detailed discussion of the spectral typing procedure. Briefly, equivalent widths are measured for a number of spectral features and compared against standard spectra. The results from SPTclass and the spectra were then visually inspected and the spectral types were adjusted if necessary.
NIR Derived Extinction Map
We use an extinction map from Allen et al. (2012) to initially estimate the extinction toward each source (Figure 1 ). This map is derived using the 2MASS Point Source Catalog (Skrutskie et al. 2006 ) H and K s band photometry of background stars. The Cep OB3b field is divided into a grid with a node spacing of 31 and the mean and standard deviation of the H − K s colors of the 20 nearest stars to each node are calculated. We assume an average intrinsic background H − K s color of 0.2 and that A K s = 1.82(E(H −K s )). The map is then converted to A V using the extinction law of Rieke & Lebofsky (1985) . Further details about the method used to derive the extinction map can be found in Section 3.1 of Gutermuth et al. (2005) . The extinction map has a range of A V from 0 to 12.6 mag and a typical resolution of 2 . This method can reliably measure extinction greater than 1A V (Gutermuth et al. 2011 ). This map is used to divide regions by their approximate extinction; it is not used to measure the extinction law directly. We refer to the extinction values derived from the extinction map at the positions of the stars as the map extinction. When we later use the color of a given star to estimate the extinction to that star we will call it the line-of-sight extinction.
SOURCE SELECTION
The goal of this work is to measure the extinction law of the molecular cloud associated with Cep OB3b using background stars. This requires the identification of background stars which are bright and have a minimal intrinsic color spread to minimize the uncertainties in determining the color excess. Further, we want to maximize the number of sources available to have a statistically meaningful sample size. We can satisfy all these constraints by selecting a sample of background giant stars with a small spread in spectral types. Figure 2 shows the distribution of spectral types for sources with MMT/Hectospec spectra. These include the following: known members, stars with colors and magnitudes consistent with pre-main-sequence stars, and non-member stars that were randomly assigned fibers that could not be placed on member stars. Overlaid are the distributions for sources that are probable members (for further discussion of membership criteria, see Allen et al. 2012) , in red, and probable non-members, in blue. The sources that are probable members are excluded from our determination of the extinction law. Allen et al. (2012) also used location on the V versus V − I color-magnitude diagram as an indicator of youth. Sources that are located above the main sequence are considered to be possible members. One drawback of this indicator of youth is that older giant stars can occupy the same location in color-magnitude space. As a result, we do not exclude sources based only on their location in V versus V − I color-magnitude space. Figure 2 shows that the distribution of non-member stars is sharply peaked at the spectral types of K5 and K6. We will demonstrate that these stars are primarily background giants. These serendipitous observations of a large number of background giant stars in a narrow spectral type range provides an excellent sample for measuring the extinction law through the Cep OB3b molecular material.
Serendipitous Discovery of Background K-Giant Stars

Separating Giants from Dwarfs: Examination of Surface Gravity Indicators
Now that we have a sample of K5 and K6 background stars, we need to remove those that are possible dwarfs. To distinguish between dwarf and giant luminosity classes we utilize two methods that rely on the strength of two specific absorption lines: the Ca i line at 6162 Å, with respect to the strength of the Fe i line at 6137 Å, and the Na i doublet at 5889 Å and 5896 Å. Due to pressure broadening, the strength of these absorption lines should be stronger for the dwarfs than for the giants. A similar methodology is used in Prisinzano et al. (2012) . We used the MILES spectral library (Sánchez-Blázquez et al. 2006) to determine the strength of these absorption lines as a function of spectral type and luminosity class. The MILES spectra (FWHM resolution of 2.3 Å) were smoothed to match the resolution of our Hectospec sample (6 Å).
For the Ca i to Fe i ratio, we then calculated the line strengths for the dwarfs and the giants in the MILES library. Line strength ratio as a function of spectral type is plotted in the top left pane of Figure 3 . The median and ±2σ line ratios for the dwarfs are shown by the dot-dashed and dashed lines respectively. This is the dwarf locus. The median line ratio for the giants is shown by the solid line. For stars with K5 and K6 spectral types, the giant stars and dwarf locus are well separated. Therefore, we consider all sources with a Ca i (6162 Å) to Fe i (6137 Å) ratio greater than 2σ from the median dwarf values to be giants. The stars in the Cep OB3b field are classified as giant or dwarf in the top right pane of Figure 3 . There are 144 K5 and K6 stars that have line intensity ratios consistent with being giants, and they are highlighted in red in Figure 3 .
For the Na i doublet, the equivalent width (EW) of each component is summed and plotted as a function of spectral type in lower left pane of Figure 4 . The median and ±2σ line strengths for the dwarfs are shown by the dot-dashed and dashed lines respectively and the median line strength for the giants is shown by the solid line. Similar to the Ca i selection method, the giant stars and the dwarf locus are well separated in the late K spectral range, so we consider any source with a Na i doublet strength less than 2σ from the dwarf locus to be a giant. Figure 4 shows the strength of the Na i doublet (5889 Å and 5896 Å) as a function of spectral type for our data. There are 158 K5 and K6 stars that have line strengths consistent with being giants, and they are highlighted in red in the lower right panel of Figure 4 .
K5 and K6 stars that meet either the Ca i or the Na i selection criteria are considered to be possible giants. There are 162 stars that meet either criterion.
Removing Potential Dwarfs using Photometric Cuts
We require that stars we are using to calculate the extinction law meet the photometric criteria discussed in Section 2 in all the wavelength bands. This gives us 103 possible giants. In addition to cuts due to photometric uncertainty, we need to apply magnitude and color cuts to reject sources that are inconsistent with being background giants.
First, we apply a cut based on the J − K color of the source. From Ducati et al. (2001) , a K5 giant star will have an intrinsic (J − K) 0 color of 0.89 mag. Using the colors from Ducati et al. (2001) and the extinction law of Rieke & Lebofsky (1985) , a K5 dwarf with 1 A V of extinction will have a J − K color of 0.79 mag. To reduce contamination from light to moderately reddened dwarfs, we do not include sources that have J − K colors of less than 1 mag in our sample of background giants. This gives us 91 sources.
We apply a magnitude cut to exclude sources that are potential dwarfs. At the distance of Cep OB3b, 700pc, the apparent J-band magnitude of a K5 dwarf is 14.45 mag (Cox 2000) . Any K5 dwarf behind the Cepheus molecular cloud would therefore be fainter. Thus we exclude any source that has a J-band magnitude of 14.45 or fainter as a potential dwarf. After this cut, we are left with 76 sources that are consistent with being background giants in the K5 and K6 spectral range. These sources are listed in Table 1 .
EXTINCTION LAW DETERMINATION
In this section we derive the extinction law through the entire Cep OB3b region. Further, we compare the extinction laws toward regions of low (A V < 2) and high (A V > 2) column density as determined from the extinction map described in Section 2.3.
Color-Color Diagrams and Reddening Slopes
For a sample of sources with similar intrinsic colors, we note that their observed color is largely a function of their line-ofsight extinction. The reddened sources are displaced linearly in color-color space from their intrinsic locations by an amount proportional to their line-of-sight extinction. This displacement is the color excess, and for two different wavelengths, λ 1 and λ 2 the color excess is
If we consider a color-color space defined by three wavelengths, λ 1 , λ 2 , and λ 3 , with two colors, λ 1 − λ 2 and λ 2 − λ 3 , the slope of the linear displacement in color-color space gives the color excess ratio, E(λ 1 − λ 2 )/E(λ 2 − λ 3 ).
In Figure 5 we determine V , r, R, i, I , z, and E(J − λ)/E(J − K S ) for λ = H , using a sample of sources that meet the photometric criteria for both the SDSS and the INT data sets. To remove outliers and fit the reddening slope, we perform a linear least-squares fit to the data accounting for the uncertainty of the data points. This algorithm is based on the IDL routine fitexy.pro, which performs a linear least-squares fit to data accounting for the uncertainties in both the x and y values of the data points. A best-fit line is calculated for the sources in color-color space. Any source that is more that 3σ from the fit is removed, and the best-fit line is recalculated. This process is repeated until the fit converges. To ensure we are using the same sources in all the color-color fits, the sources rejected in each color-color space are aggregated, and any source considered an outlier in any color space is not considered in the fits in the other color spaces. Four sources are removed from consideration as outliers. In Figure 5 the sources used to perform the fit are black, while the rejected sources are red. The solid black line is the best fit line for each color-color space. The derived color excess ratios can be found in Table 2 .
The Cep OB3b Extinction Law
With the color excess ratios derived above, and adopting A Ks /A J = 0.397 from Rieke & Lebofsky (1985) Table 2 Color-Color Slopes
Full Sample 5.02 ± 0.10 3.80 ± 0.06 3.18 ± 0.05 2.62 ± 0.04 2.05 ± 0.03 1.13 ± 0.02 0.69 ± 0.02 <2.5 mag 5.14 ± 0.23 3.87 ± 0.10 3.30 ± 0.15 2.66 ± 0.07 2.06 ± 0.09 1.17 ± 0.06 0.74 ± 0.03 >2.5 mag 4.19 ± 0.16 3.10 ± 0.08 2.60 ± 0.08 2.12 ± 0.06 1.69 ± 0.05 0.91 ± 0.03 0.73 ± 0.03
Note. a A V is determined from the 2MASS extinction map at the positions of the sources.
(corresponding to A H /A Ks = 1.56, similar to 1.55 used in Flaherty et al. 2007 ), we calculate the extinction law using Equation (A3). The derived extinction law is plotted in Figure 6 along with the R V = 3.1 and R V = 5.6 extinction laws of Cardelli et al. (1989) , normalized at the J-band. The Cep OB3b extinction law falls between the R V = 3.1 and R V = 5.6 extinction laws. It is clearly shallower than the R V = 3.1 extinction law, and even follows the R V = 5.6 extinction law for the i and z bands, before becoming steeper at shorter wavelengths. The derived extinction law can be found in Table 3 4.
Extinction Law as Function of A V
Does the extinction law through Cep OB3b vary with A V ? To investigate this question, we divide our sources into two groups using the extinction map described in Section 2.3. One group is composed of sources with an A V of less than 2.5 mag and the other group is composed of sources with an A V of greater than 2.5 mag. Figures 7 and 8 show the color-color diagrams for the low A V and high A V samples, respectively, and Figure 9 shows the extinction laws for both groups. The extinction law for the sources with A V values less than 2.5 mag is steeper than the extinction law for sources with A V values greater than 2.5 mag. The parameterized form of the average R V dependent extinction law from Cardelli et al. (1989) is given by
where x is wavenumber, and the values of a(x) and b(x) are found in their Table 3 . After normalizing the parameterized form of the extinction law to the J-band we determine what value of R V best matches the derived Cep OB3b extinction laws by minimizing the χ 2 while stepping through a range of values in R V . The extinction law for the entire sample is best fit by an extinction law with R V = 4.0. The low A V sample is best fit by an extinction law with R V = 3.9, while the high A V sample is best fit by an extinction law with R V = 6.6. Thus, the extinction laws for the entire sample and the low A V sample are intermediate between the standard diffuse and molecular cloud extinction laws of R V = 3.1 and R V = 5.6, respectively. Further, the high A V extinction law deviates from the parameterized form from Cardelli et al. (1989) . Longward of the V band, it is shallower than the standard molecular cloud extinction law, whereas, shortward of the V band, it becomes steeper. 
DISCUSSION
Estimation of Foreground Extinction
We estimate the amount of extinction along the line-of-sight due to the foreground by calculating the J − K color excess to the diskless (class III) members identified by Chandra in Allen et al. (2012) . Figure 10 shows the distribution of line-ofsight extinction estimates for the class III cluster members. We assume the young stars have the intrinsic colors of Luhman et al. (2010) and calculate the line-of-sight extinction for each star. Also shown in Figure 10 is the distribution of the line-of-sight extinction estimates for the background giant stars assuming they have the intrinsic colors of Ducati et al. (2001) . Both distributions have a sharp rise between 1 and 2A V ; we interpret this as the transition between the foreground and the intracluster extinction. Hence, much of the extinction above 1 A V is due to dust in the cluster.
An Evolving Extinction Law in the Interface between the Diffuse and Molecular ISM?
Previous studies of star forming regions have examined the change in the dust properties in dense molecular clouds with respect to the diffuse ISM. Recent works have found variations in the extinction laws as a function of A V within a given molecular cloud (Whittet et al. 2001; Campeggio et al. 2007; Moore et al. 2005) . Whittet et al. (2001) examined the optical and near infrared photometry of individual field stars that are background to the Taurus Dark Cloud and calculated A V and R V for each star. By correlating the optical depth of the 3 μm ice absorption feature with the estimated A V for each star, they determined an A V threshold for ice extinction in the Taurus Dark Cloud of A V ∼ 3.2. Below this threshold, the value of R V is similar to the ISM, while above this threshold R V is higher. This suggests a sharp change in the dust properties at the threshold A V , possibly corresponding to the growth of icy mantles on the dust grains. Campeggio et al. (2007) use optical and near infrared photometry to measure changes in the extinction law through the dark globule CB 107. They find that R V increases with increasing A V , but instead of finding a threshold A V value, this increase occurs throughout the range of observed extinctions. This finding is interpreted as evidence that coagulation is the primary mechanism for dust growth in CB 107 as opposed to ice mantle condensation. The change in the dust law is thought to result from the growth of the grains. Since the condensations of ices on grains can only lead to a relatively small change in the dust grain diameter (Draine 1985) , it is thought that most of the grain growth is through the coagulation of grains. Theoretically, models show that coagulation of icy grains in dense molecular cloud environments will lead to an evolving dust law with time (Ormel et al. 2009 (Ormel et al. , 2011 .
The Cep OB3b cluster exists at the interface of a molecular cloud and the diffuse ISM created by the dispersal of the cloud material by the young stars in the cluster. Within this interface, we have found an extinction law that is intermediate to that of the diffuse ISM and molecular cloud ISM. We also find that the extinction law shows evidence of variations between the cluster and the molecular cloud region. Previously, International Ultraviolet Explorer (IUE) observations by Massa & Savage (1984) examined the ultraviolet (UV) extinction curves toward O and B stars in the Cep OB3 association. They found a correlation between the value of the far-UV extinction, parameterized by (E(15 − V )/E(B − V )), where 15 refers to the IUE bandpass centered at 1550 Å, and distance from the molecular cloud. Stars near the molecular material have low (E(15 − V )/E(B − V )) whereas stars more distant from the molecular material have (E(15 − V )/E(B − V )) values close to the galactic mean. Because the UV extinction depends strongly on the size distribution of the dust grains, Massa & Savage (1984) suggested that the dust properties change with distance from the cloud. Lines of sight distant from the cloud have smaller mean grain sizes than lines of sight near the cloud.
We propose that the transition between diffuse ISM and molecular cloud dust laws is not sharp for molecular clouds associated with large clusters, or clusters that carve a cavity in their molecular material. In these regions, cloud material may be returned to the ISM when it is disrupted by outflows and winds or if it is carried off the cloud by the flows of material photoevaporated off the cloud surfaces by the UV radiation Figure 10 . Solid line is the distribution of line-of-sight extinction estimates for the diskless Class III young members (black) identified in Allen et al. (2012) and the dashed line is the distribution of line-of-sight extinction estimates to the background giant stars used to derive the extinction law. Because A V begins to increase sharply at 1 A V , we estimate there is roughly 1 A V of foreground extinction to Cep OB3b. from the O-stars. Indeed, the 24 μm emission apparent inside the cavity in the Cep OB3b is strongest just outside the cloud surface being evaporated by the O-star HD 217086 (Figure 1 , Allen et al. 2012) ; this emission appears to be dust carried away in the flow of hot, ionized, photoevaporated gas. Once removed from the molecular cloud environments, a variety of feedback processes can affect dust grains, such as heating by radiation, which can evaporate ice mantles, and collisions in shocks driven by stellar winds, outflows and ionization fronts which can break up agglomerated dust grains. In this explanation, the intermediate extinction law apparent in the Cep OB3b cloud is due to processing of dust grains from the molecular cloud, which over the few million year lifetime of the cluster, have not yet returned the dust back to the small grain population typical for the diffuse ISM.
SUMMARY
Using optical and near IR photometry and optical spectroscopy of background K giants, we measure the extinction through the molecular material associated with the Cep OB3b young cluster. We determine that there are two extinction laws for this region. One extinction law for a sample of sources with an A V < 2.5 mag and a shallower extinction law for a sample of sources with an A V > 2.5 mag. The extinction law for the low A V sample is consistent with a transition region between the GMC and the diffuse ISM where dust grains from the GMC are being reduced in size. In our picture, the grains are altered as they return to the diffuse ISM from the dense molecular cloud.
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APPENDIX EXTINCTION LAW DERIVED WITH SLOPES
The slopes, calculated in the previous section, are used to determine the extinction law. Since the color excess is equal to the difference in extinction at the observed wavelengths,
we can use the ratio of two different color excesses
to determine the ratio of the extinction at two different wavelengths,
if λ 1 < λ 2 < λ 3 .
Once the slopes of the color excess ratios have been determined, the extinction law can be calculated using Equation (A3). In this calculation we assume A Ks /A J = 0.397 from Rieke & Lebofsky (1985) .
